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The aliphatic amidase from Pseudomonas aeruginosa belongs

to the nitrilase superfamily, and Cys"'' is the nucleophile of

the catalytic mechanism. A model of amidase was built by

comparative modelling using the crystal structure of the worm

nitrilase–fragile histidine triad fusion protein (NitFhit ; Protein

Data Bank accession number 1EMS) as a template. The amidase

model predicted a catalytic triad (Cys-Glu-Lys) situated at the

bottom of a pocket and identical with the presumptive catalytic

INTRODUCTION

Amidases can be assigned to phylogenetically unrelated families

on the basis of amino acid sequence. One family comprises the

amidase signature group, which includes the amidases from

Aspergillus oryzae (Swiss-Prot accession number Q12559) [1] and

the putative amidase from Salmonella typhimurium (Swiss-Prot

accession number P33772) [2]. The amidases from Pseudomonas

aeruginosa (Swiss-prot accession number P11436) [3], Rhodo-

coccus erythropolis (Swiss-Prot accession number Q01360) [4],

Helicobacter pylori (Protein Identification Resource accession

number F64556) [5] and Bacillus stearothermophilus (EMBL

accession number AAF14257) [6] are included in the second

branch of the nitrilase superfamily [7]. The amidase from

Mycobacteriumsmegmatis (Swiss-Prot accessionnumberQ07838)

[8] is included in the urease group.

Nitrilases are thiol enzymes involved in nitrile degradation,

converting nitriles directly into the corresponding carboxylic

acid plus ammonia through a tetrahedral intermediate, without

the intermediate formation of an amide [9]. Nitrilase activity

has been reported in bacteria [10], fungi [11,12], plants [12],

and recently, nit genes were described as fusion proteins with

the nucleotide-binding protein fragile histidine triad, NitFhit

(nitrilase–fragile histidine triad fusion protein), in invertebrates

[13] and in mice and humans [14]. In the amidases belonging

to the nitrilase superfamily, an invariant cysteine residue was

reported to act as the nucleophile in the catalytic mechanism

[15,16], and this was confirmed by site-directed mutagenesis of

Cys"'' in the P. aeruginosa amidase [17]. Crystals of the amidase

from P. aeruginosa have been obtained [17] ; however, no three-

dimensional (3-D) structure has been described. Recently, the

3-D structure of the nitrilase domain of NitFhit from the worm

was reported [14], and the putative catalytic triad Cys-Glu-Lys

Abbreviations used: 3-D, three-dimensional ; NitFhit, nitrilase–fragile histidine triad fusion protein ; PNA, p-nitroacetanilide ; SSE, secondary structure
element.
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The co-ordinates for the structure of the Pseudomonas aeruginosa amidase fragment (residues 20–290) have been deposited in the Protein Data Bank
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triad of NitFhit. Three-dimensional models for other amidases

belonging to the nitrilase superfamily also predicted Cys-Glu-

Lys catalytic triads. Support for the structure for theP. aeruginosa

amidase came from site-directmutagenesis and from the locations

of amino acid residues that altered substrate specificity or binding

when mutated.

Key words: comparative modelling, NitFhit, nitrilase.

was shown to be conserved in all members of the nitrilase

superfamily [7].

The substrate specificity of the P. aeruginosa amidase encoded

by the amiE gene is limited to short aliphatic amides, but has been

extended through a variety of point mutations to include longer

aliphatic amides, such as butyramide [18,19], valeramide [18]

and aromatic amides, acetanilide [20] and phenylacetamide

[21]. In the mutant strain AI3, the amiE mutation Thr"!$! Ile

is responsible for the amidase activity towards acetanilide [20].

Urea and hydroxyurea are active-site-directed inhibitors of

P. aeruginosa amidase and additional mutations in the amiE

gene of strain AI3 that result in decreased binding affinity of

amidase for urea have been identified (Arg"))!Cys, His or Leu;

Gln"*!!Glu; and Trp"%%!Cys) [22].

In the present study, a model for the core structure of the

P. aeruginosa amidase has been constructed and some of

the residues implicated in catalysis have been investigated by site-

directed mutagenesis. Validation of the model has also been

sought from the locations of mutations that alter the substrate

specificity of amidase and mutations that reduce its binding

affinity for urea.

EXPERIMENTAL

Comparative modelling

The Fast Automatic Modelling System (‘FAMS’) server [23–25]

and the automated knowledge-based protein modelling server

SwissModel v.3.5 [26–29] for comparative modelling were used.

Procheck v.3.4 for Windows NT [30] was used for model

validation. Root mean square (‘RMS’) value calculations

between the model and the templates used for comparative

modelling, using the Cα fitting, were performed by using the

Swiss-PdbViewer v3.7b2 [28]. Topology search and comparison
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Table 1 P. aeruginosa strains used or referred to in this study

Abbreviations used : AI, acetanilide ; C, carbon ; N, nitrogen ; OHU, hydroxyurea ; U, urea.

Strain Parent Selection medium (C/N sources) Reference

8602 (PAC 1)* [37]

L10 (PAC 142) 8602 Succinate/lactamide [38]

AI3 (PAC 366) L10 AI/N [20]

3B L10 AI/N This study

8A L10 AI/N This study

10A L10 AI/N This study

11A L10 AI/N This study

8AOH1 8A AI/N/OHU This study

10AAU1 10A AI/N/U This study

10AAU3 10A AI/N/U This study

* PAC 1 is the wild-type strain.

was done using the server TOPS [31]. Distribution of low-energy

ligand positions in the proximity of the binding site of the protein

was calculated at low resolution (4.5 AI , where 1 AI ¯ 0.1 nm),

using the Global Range Molecular Matching (‘GRAMM’)

program [32–35]. The catalytic pocket was predicted using

the WHAT IF program through the World Wide Web

interface [36].

Bacterial growth and mutant isolation

The origins of the bacterial strains [20,37,38] are shown in

Table 1. For growth of broth cultures, Oxoid No. 2 broth was

used for Pseudomonas strains and Luria–Bertani broth for growth

of Escherichia coli strains. For isolation of urea- and hydroxy-

urea-resistant mutants, 0.05% (w}v) urea or 0.05% (w}v)

hydroxyurea was added to acetanilide solid medium ²1%

(w}v) Noble agar (Difco Laboratories, Detroit, MI, U.S.A.)

containing minimal salts medium [40] supplemented with 0.1%

(w}v) acetanilide and 0.1% (w}v) ammonium sulphate as the

carbon and nitrogen sources respectively´.
For growth of Pseudomonas strains for amidase purification,

lactate medium [minimal salts medium containing 0.3% (w}v)

sodium lactate and 0.1% (w}v) ammonium sulphate as the

carbon and nitrogen sources respectively] was used. Acetanilide-

utilizing mutants were isolated by plating 50 µl of an overnight

broth culture of strain L10 on to acetanilide solid medium and

incubating at 37 °C. After 7 days, colonies were picked

and restreaked on to the isolation medium to purify them.

Amidase activity measurements

Activity towards p-nitroacetanilide (PNA) was assayed spectro-

photometrically by following the formation of 4-nitroaniline at

400 nm [40]. Initial velocity data were fitted to the Michaelis–

Menten equation using the Leonora program [41]. Amidase

protein concentration was determined as described previously

[40].

Amidase purification

Amidase was purified from P. aeruginosa in a two-step procedure.

Cells grown in 5 litres of lactate medium overnight at 37 °C in

a rotary shaker were harvested by centrifugation at 6000 g for

10 min at 10 °C, washed, re-centrifuged, and the cell pellets were

used immediately or stored at ®20 °C. Extracts were prepared

by re-suspending 1 g of cell wet weight in 4 ml TME buffer

[20 mM Tris}1 mM EDTA}1 mM 2-mercaptoethanol (pH 7.2)]

and sonicating at 160 W for 1 min}ml on ice. The suspension

was centrifuged at 30000 g for 20 min at 4 °C, and the super-

natant was loaded on to a 2¬10 cm DEAE Sepharose CL 4B

column (Amersham Biosciences, Uppsala, Sweden) equilibrated

with TME buffer. Proteins were eluted with a 0.1–0.35 M KCl

gradient in TME buffer. Fractions with amidase activity were

pooled, dialysed against TME at 4 °C and then applied to an

acetamide epoxy-activated Sepharose CL 4B column prepared

and used as described previously [18]. Amidase was eluted

with a linear gradient of 20–100 mM NaCl in TME buffer. Purity

was checked by silver staining of SDS}PAGE gels. Purification

of amidases from E. coli followed the procedure described

previously [18].

DNA manipulations and site-directed mutagenesis

DNA manipulations and PCR amplification of the amiE gene

were carried out as described previously [22]. Site-directed

mutagenesis was performed using the Altered Sites protocol

(Promega, Madison, WI, U.S.A.). The base substitutions were

introduced into the amiE gene cloned into pAlter-ex1 using the

following mutagenic oligonucleotides : Lys"$%!Asn, 5«-GCAC-

CAGGGAATAATATTGCGGTACTTC-3« ; Glu&*!Gln, 5«-
TGATGCCCTGCAAGCTGTACTGCGGGAACACC-3« ; and

Glu&*!Asp, 5«-TGATGCCCTGCAAGCTGTAGTCCGGG-

AACACC-3«. The mutation encoding the Lys"$%!Arg mutation

was introduced into the amiE gene cloned into pAlter-1 using the

mutagenic oligonucleotide 5«-AGAAGGTACCGCAGAATC-

ATTCCCTGG-3«. The altered gene was subcloned into the

expression vector pKK233-3. The mutated amiE genes were

checked by automated DNA sequencing.

RESULTS

Modelling of amidase

Inclusion of selected amidases in the nitrilase superfamily is on

the basis of structural alignments showing that there is extensive

similarity within five regions between the two groups of enzymes

(Figure 1). This formed the basis for comparative modelling

of the P. aeruginosa amidase (fragment 20–290), which was

performed using the NitFhit structure, 1EMS, as a template

[14]. More than 80% of non-glycine and non-proline residues

have conformational angles (φ, ψ) in permitted regions of the

Ramachandran plot, 0.9% fall in the ‘generous allowed’ region,

and 1.3% fall in the disallowed region, as defined by Procheck

[30]. All glycine residues are in permitted regions and one proline

is in a disallowed region. The root mean square value between

the model and the template used for comparative modelling is

0.38 AI for 255 Cα atoms.

The nitrilase domain of 1EMS spans from residues 10–296 [13],

comprising five α-helices and 13 β-strands. Nitrilase can be

assigned to theα}β class and the four-layer sandwich architecture.

Twelve β-strands, secondary structure element (SSE) numbers

21, 20, 17, 15, 12, 11, 22, 1, 3, 5, 6 and 7 participate in the layer

sandwich. Four extra β-strands form two anti-parallel β-sheets

(SSE numbers 9–8 and 19–18). Topological comparison with the

model constructed for the amidase (Protein Data Bank accession

number 1K17) showed that it lacks the β-strands equivalent to

β-strands SSE numbers 8, 9 and 11 of 1EMS (Figure 2). The

absence of a β-strand, equivalent to SSE number 1 from 1EMS

in the amidase model, is probably because the model starts at

residue 20. We conclude that amidase has a layer sandwich

comprising 11 β-strands equivalent to the layer sandwich in the

1EMS structure. The amidase shows an extra β-sheet identical

with the β-sheet in 1EMS formed by SSE 19–18. These results
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Figure 1 Structural alignment of models with the template 1EMS

Structural alignment of NitFhit (1EMS) with P. aeruginosa (P11436), R. erythropolis (Q01360) H. pylori (F64556) and B. stearothermophilus (AAF14257) amidases. Residues identical among

all structures (* and in bold) and residues participating in the catalytic triad (") are indicated. Structural alignment was performed using Swiss-PdbViewer v3.7b2.

suggest that amidase from P. aeruginosa exhibits a similar folding

to 1EMS (Figure 3).

Theoretical models of amidases from R. erythropolis (fragment

15–293), H. pylori (fragment 15–279) and B. stearothermophilus

(fragment 6–284) were also constructed by comparative model-

ling using 1EMS as template (results not shown). These

models confirmed the prediction that the nitrilase domain from

1EMS is a template for the core structures of amidases belonging

to the nitrilase superfamily.

Amidase active site

Cys"'' is the nucleophile of the catalytic mechanism of amidase

from P. aeruginosa [16,17]. In the amidase model (Figure 4),

residues Cys"'', Glu&* and Lys"$% aligned with those proposed

to form a catalytic triad Cys"'*, Glu&% and Lys"#( in 1EMS,

suggesting that amidase has the same catalytic triad. Similar

distances (in AI ) were observed between equivalent atoms for the

catalytic triad of both structures (Figure 4).

Superimposition of all the amidase 3-D models constructed

predicts the residues Cys"'', Glu&* and Lys"$% for R. erythropolis,

Cys"&", Glu%& and Lys""* for H. pylori, and Cys"&(, Glu&! and

Lys"#& for B. stearothermophilus as the catalytic triads for these

amidases (results not shown), in agreement with the prediction

from the amino acid sequence analysis [7].

Site-directed mutagenesis of putative catalytic triad residues

To investigate the effects of eliminating the charge on Glu&* and

reducing the size of the side-chain, the mutations Glu&*!Gln

and Glu&*!Asp were engineered by site-directed mutagenesis.

In both cases the resulting amidases were inactive. Both mutant
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Figure 2 Topology comparison of models

Topology of the P. aeruginosa amidase (P11436/1K17) and Nit domain and Fhit of NitFhit

(1EMS). Triangular and circular symbols represent β-strands and helices (α and 310)

respectively. Each secondary structure element has a direction (N1 to C2), which is either ‘ up ’

(out of the plane of the diagram) or ‘ down ’ (into the plane of the diagram). ‘Up ’ strands are

indicated by upward pointing triangles and ‘ down ’ strands by downward pointing triangles. SSE

number of equivalent β-strands of 1EMS and P11436/1K17 respectively, participating in

β-sandwich : (1, none), (3, 2), (5, 5), (6, 6), (7, 7), (11, none), (12, 8), (15, 11), (17, 13),

(20, 16) and (21, 17) ; and β-sheet : (8, none), (9, none), (18, 14) and (19, 15).

Figure 3 Superimposition of amidase model and 1EMS

Amidase model (1K17 ; black) and NitFhit (1EMS ; grey) are displayed in backbone

representation. P. aeruginosa numbering was used. Tyr20 and Ser290 (1K17) are structurally

aligned with Ile17 and Gly297 (1EMS) respectively. The superimposition was generated by

Swiss-PdbViewer v3.7b2.

amidases (Glu&*!Gln and Glu&*!Asp) were identified as the

dominant proteins in cell-free extracts by SDS}PAGE (Figure 5) ;

however, only the Glu&*!Gln amidase was observed by native

PAGE, in which it produced a more diffuse band than the

native amidase (results not shown).

Site-directed mutagenesis was used to introduce the Lys"$%!
Arg mutation. Mutant enzyme was detected as the dominant

protein in extracts by SDS}PAGE (Figure 5) ; however, it proved

unstable and was not detected by native PAGE. Activities

measured in whole cells showed a 200-fold reduction in activity

compared with wild-type enzyme expressed from the same vector.

Substitution of Lys"$% with asparagine produced a stable protein

(Figure 5) that had no activity.

Mutations affecting amidase substrate specificity and urea binding

Several acetanilide-utilizing mutant strains were isolated from

the constitutive amidase strain L10 and were grouped according

to the thermostability and pH profiles of the amidases produced

(results not shown). Strains AI3, 3B, 8A and 10A were selected

as representatives of different categories of mutant. Their

amidases were purified and kinetic parameters determined

(Table 2). K
m

values for PNA hydrolase activity of the amidases

were different in each case. The AI3 enzyme had the lowest k
cat

value with PNA as substrate. Each amidase had a different

catalytic-centre activity with AI3 having the highest followed by

3B" 8A" 10A.

Sequencing performed on the amiE genes from the four new

strains showed that each one harboured a different mutation:

two had point mutations (3B: A at 212 to G, resulting in

Gln'$!Arg; and 10A: C at 367 toT, resulting in Pro""&!Ser),

one had an insertion (11A: GAG inserted at 235 to 237,

resulting in the insertion of Glu(") and one a deletion (8A: GAG

deleted at 235 to 237, resulting in the deletion of Glu(").

Mutant strains 8AOH1, 10AAU1 and 10AAU3, producing

amidases with elevated resistance to urea inhibition, were

obtained from two of the acetanilide-utilizing mutant strains, 8A

and 10A, and the mutations responsible were determined by

sequencing their amiE genes: 8AOH1 (C at 586 to T, result-

ing in Arg"))!Cys) ; 10AAU1 (C at 586 to T, resulting

in Arg"))!Cys) ; and 10AAU3 (G at 587 to T, resulting in

Arg"))!Leu). In each case, Arg")) had been substituted and

the original mutation responsible for activity towards acetanilide

retained.

Pocket model prediction

Analysis of residues participating in the pocket predicted by

the WHAT IF program (Figure 6) showed that it included the

proposed catalytic triad Glu&*, Lys"$% and Cys"'', as well as most

of the residues which, after mutation, were associated with

substrate specificity for acetanilide (Gln'$, Thr"!$ and Pro""&)

and, in some cases, with low-binding substrate affinity towards

urea and hydroxyurea (Trp"%% and Gln"*!). The predicted pocket

did not include the Glu(" (which when deleted or duplicated is

associated with acetanilide hydrolase activity) or Arg")), whose

substitution caused decreased binding affinity for urea. Super-

imposition of the pocket and the amidase model (Figure 7)

shows that the residues forming the catalytic triad lie at the

bottom of the pocket. The sites of mutations, which confer

substrate specificity towards acetanilide or low-binding affinity

towards urea and hydroxyurea, are located in the loops surround-

ing the catalytic triad.

Docking results

Low-resolution docking may tolerate structural inaccuracies of

the order of 7 AI , which is the precision characteristic of many

protein models [42–44]. Low-energy positions of ligands pre-

dicted by the Global Range Molecular Matching program [45]

tend to cluster in the area of the global minimum, and acetamide

docking with the pocket at a resolution of 4.5 AI showed that, of

the five predicted lowest energy potential binding places, four are
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Figure 4 Stereo-view of the structural superimposition of the catalytic triads from the amidase of P. aeruginosa (1K17) and 1EMS

Residues from the P. aeruginosa amidase (1K17 ; black) and NitFhit (1EMS ; grey) participating in the catalytic triad are shown. H-bonds and distances (in AI ) between Lys134 and Glu59 of 1K17

and Lys127 and Glu54 of 1EMS are shown. P. aeruginosa numbering is used. The Figure was generated by Swiss-PdbViewer v3.7b2.

Figure 5 SDS/PAGE analysis

SDS/PAGE of extracts (A) and purified amidases (B) from cells producing amidases altered by site-directed mutagenesis. M, molecular-mass markers (94 kDa, phosphorylase b ; 67 kDa, albumin ;

43 kDa, ovalbumin ; and 30 kDa, carbonic anhydrase). The arrow denotes the position of amidases. WT, purified wild-type amidase ; K134 ! R, Lys134 ! Arg ; E59 ! D, Glu59 ! Asp ; and K134 !N,

Lys134 ! Asn.

clustered together (Figures 6 and 7). Three of the positions are

predicted to be in a similar place in complexes of acetamide with

the amidase model, lending support to the proposed catalytic

pocket.

DISCUSSION

The results indicate that the P. aeruginosa amidase shares a

structural and catalytic framework with the nitrilase domain of

1EMS, in which the clustering of the residues Cys"'', Glu&* and

Lys"$% suggests that they may constitute a catalytic triad. In the

amidase model, Cys"'', the putative nucleophile, has φ and ψ

angles which place the residue in a disallowed region of

the Ramachandran plot. The same is true for the equivalent

cysteine residue in the 1EMS template, which could suggest that

substrate binding induces structural adjustments necessary for

enhancing the nucleophilicity of Cys"'', enabling it to attack the

carbonyl carbon of the substrate.

A similar structure (1ERZ, Protein Data Bank accession

number) and active-site configuration has been reported for
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Table 2 Comparison of the activities of purified amidases towards PNA

It was assumed that [protein]¯ [E]0 (where [E]0 is the total enzyme concentration). A

molecular mass of 230.4 kDa was used (6¬38.4 kDa). Kinetic parameters were calculated for

PNA hydrolysis. kcat was calculated from kcat ¯ Vmax/[E]0. Results are the means³S.E.M.

estimated by fitting initial velocity data to the Michaelis–Menten equation using the Leonora

program [41].

Mutant strain Km (mM) kcat (¬102) (s−1) kcat/Km (s−1 [M−1)

3B 1.98³0.51 2.80³0.90 11.5

8A 1.17³0.08 0.21³0.04 1.79

10A 0.63³0.20 0.04³0.01 0.63

AI3 0.50³0.04 7.80³0.32 156

carbamyl--amino acid amidohydrolase from Agrobacterium sp.

[46], which, although showing low overall sequence similarity

with nitrilases and amidases, nonetheless conserves the residues

postulated to be involved in catalysis.

It has been proposed for 1EMS and 1ERZ that the glutamate

residue acts as a base by withdrawing a proton from the

cysteine residue, thus enhancing its nucleophilicity [14,46]. For

1ERZ, this was postulated to occur either through a direct

interaction (on the basis of a distance of ! 3 AI in a combination

of rotamers of the two side chains) between the glutamate and

cysteine residues or indirectly through a water molecule. The

putative catalytic triads of 1K17, 1ERZ and 1EMS showed good

superimposibilty when structural comparisons were made (results

not shown), indicating that a similar role can be postulated for

Glu&* in amidase. However, site-directed mutagenesis of Glu&*

resulted not only in loss of enzyme activity, but also in structural

changes.

Figure 6 Predicted positions of acetamide molecules inside the amidase pocket

Acetamide–catalytic pocket complex. Catalytic triad and residues involved in substrate specificity alterations are labelled. Acetamide molecules (yellow, spacefill), catalytic pocket residues (blue)

and residues involved in substrate specificity alterations (red) are displayed. The Figure was generated by Swiss-PdbViewer v3.7b2.

In addition to the substitutions reported in the present study

(Glu&*!Gln and Glu&*!Asp), another change (Glu&*!Val)

has been found in an amidase-negative mutant strain [47]. The

Glu&*!Val substitution resulted in dissociation of the hexamer

into dimers [47], and examination of the purified Glu&*!Gln

amidase by ultracentrifugation showed that it existed in an

equilibrium between hexameric and trimeric states (P. R. Brown

and R. L. Beavil, unpublished work). The Glu&*!Asp sub-

stitution apparently caused disaggregation, since the enzyme was

not detected by native PAGE. These observations may indicate

a role for Glu&* in the maintenance of quaternary structure. A

hypothesis attributing a simultaneous structural and catalytic

role for Glu&* may be formulated from previous work [48], which

indicated that only one acetamide molecule was bound per

hexameric amidase molecule in a catalytic cycle. Conformational

changes induced by binding to one subunit were presumed to

prevent acetamide binding to the other subunits. Structural

changes induced by substrate binding probably have long-

distance effects, which could disrupt the quaternary structure of

the enzyme if not compensated by subunit–subunit interactions,

and the Glu&* residues in the other five subunits may have a

function in preserving the quaternary structure needed for

enzyme activity. The function of Lys"$% is unknown, but it was

speculated [46] that the equivalent lysine residue in carbamyl--

amino acid amidohydrolase stabilizes the oxyanion of the tetra-

hedral intermediate through interaction of its ε-NH
#
group with

the carbonyl group of the amide substrate. Substitution of Lys"$%

by a similarly charged arginine residue was associated with a

large loss of activity, but interpretation was complicated by the

instability of the resulting enzyme. Neutralization of the positive

charge by replacing Lys"$% with an asparagine residue did not

affect quaternary structure, but eliminated all activity [46]. Early

# 2002 Biochemical Society
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Figure 7 Superimposition of acetamide–pocket complex with the amidase model

Acetamide molecules (yellow) and catalytic pocket residues (blue) are displayed in a spacefill representation. Amidase model residues (red) are displayed in backbone representation. The Figure

was generated by Swiss-PdbViewer v3.7b2.

work with amidase to investigate the relationship between kinetic

constants and pH also indicated the participation of an

unidentified lysine residue contributing to catalysis [49].

The mutations, which result in acquisition of PNA activity,

affect amino acid residues that lie within the pocket that harbours

the putative triad. Trp"%% is also present in the pocket, alterations

to which result in low-binding affinity towards urea and

hydroxyurea [22]. PNA hydrolase activity is associated with

deletion of Glu(" in strain 8A and with insertion of another

glutamate residue adjacent to Glu(" in strain 11A. Glu(" lies in a

region predicted to be α-helical and both mutations alter the

direction of the helical dipole moment, implying that they

generate alterations in the packing of the helix. The present study

shows that substitution of Arg")) relieves the inhibitory effect

of urea and hydroxyurea on growth on acetanilide medium

irrespective of the mutation responsible for the acetanilide

specificity and indicates that some of the binding interactions of

acetanilide with the enzyme are separate from those of urea.

Arg")) is not included in the pocket predicted by the WHAT IF

program. This may be due to inaccuracies in the model in this

region. Trp"$) also lies in the catalytic pocket and, recently,

Karmali et al. [50] showed that the substitution Trp"$)!Gly

changed amidase substrate specificity and caused alterations in

the stability and conformation of the enzyme. X-ray diffraction

analysis of amidase crystals, which is underway, and a more

detailed study focused on the pocket–substrate interactions will

give a better understanding of the functions of the individual

residues and how nitrilases and amidases differ with respect to

substrate binding and catalytic mechanism.
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